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(57)Abstract: 

PROBLEM TO BE SOLVED: To grow p-type ZnO of superior 
crystallinity and small electric resistance by a method wherein, on a 
substrate, a ZnO layer not doped with impurity up to a desirable 
concentration and a ZnTe layer doped with N at a desirable 
concentration or over as a p-type impurity are alternately laminated 
in a plurality of layers. 

SOLUTION: A crystal growing MBE device A using a molecular 
beam epitaxy method of a H-VI compound semiconductor contains a 
chamber 1 for a crystal growing, and a vacuous pump P for holding 
the chamber 1 in a super- high vacuous state. In the chamber 1, 
there are provided a substrate holder 3 for holding a substrate S as 
an underlayer for the crystal growing, and a heater 3a for heating 
the substrate holder 3. The chamber 1 contains a RHEED gun 51 
and a RHEED screen 55 which are provided for monitoring a grown 
crystal layer. By use of the RHEED gun 51 and the RHEED screen 
55, the circumstances of the crystal growing within the MBE device 
A are monitored, while the growth can be made. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which used p 
type II- VI group compound semiconductor crystals, its growing method, and it. 
[0002] 

[Description of the Prior ArtJMost of element semiconductors (Si, germanium) and III-V 
fellows semiconductors like GaAs can form the semiconductor of a n type or a p type by 
adding donor impurities or acceptor impurity. 

[0003]The character which can form the semiconductor of both of a n type and a p type is 
called amphipathy. By using an III-V fellows semiconductor, a p-type semiconductor and 
an n-type semiconductor can be formed on the same board. Semiconductor devices, such 
as LED (LightEmitting Diode) including p-n junction, can be manufactured using an III- 
V fellows semiconductor. 
[0004] 

[Problem(s) to be Solved by the Invention]Forbidden-band width (band gap: Eg) is a 
value peculiar to a crystal. 

[0005]Generally, the luminous wavelength lambda is expressed with the formula shown 
below. 

[0006]lambda = 1240/Eg — here, lambda is a luminous wavelength (nm) and Eg is the 
forbidden-band width (eV) of a semiconductor. 

[0007]The value of Eg determines the wavelength of luminescence between bands from a 
crystal, i.e., the luminescent color. In GaAs which has comparatively narrow Eg among 
III-V fellows semiconductors, the forbidden-band width Eg is 1.43 eV. The luminous 
wavelength of GaAs is 870 nm and shows luminescence of an infrared region. In A1P 
which has comparatively large Eg among III-V fellows semiconductors, Eg is 2.43 eV. 
The luminous wavelength of A1P is 510 nm and shows green luminescence. 
[0008]Most II- VI group semiconductors have large Eg as compared with an III-V fellows 
semiconductor. Luminescence of a blue-purple color and an ultraviolet region is expected 
from blue. 



[0009]II-VI group compound generally has strong ionicity, and is unipolarity. That is, the 
crystal of II- VI group compound has having only one of the conductivity of a n type or a 
p type, but having [ little ] both electric conduction characteristics generally. 
[00 10] A self-compensation effect can explain behavior of such unipolarity. 
[001 l]For example, in ZnS which is a crystal of II- VI group compound, S negative ion 
hole with a small size has binding energy smaller than Zn positive ion hole with a large 
size. The effect that Zn positive ion hole compensates a p type impurity is large, and it is 
difficult to obtain p type ZnS. Although a self-compensation effect changes with kinds of 
II- VI group compound, it can be similarly explained as the case of above ZnS by p type 
ZnO about the phenomenon of a stake for obtaining. If a p type ZnO crystal can be 
obtained easily, various semiconductor devices using ZnO are producible. 
[0012]The purposes of this invention are p type II-VI group compound semiconductor 
crystals and to provide details with the p type ZnO crystal growth method more. 
[0013]Other purposes of this invention are to provide II-VI group compound 
semiconductor crystals and the element which used a p type ZnO crystal and it for details 
more. 

[0014]ZnO is used as the main components and the material which contains ZnTe as an 

addition component is also written as ZnO in this specification. 

[0015] 

[Means for Solving the Problem] According to one viewpoint of this invention, a growing 
method of p type II-VI group compound semiconductor crystals including a process of 
laminating by turns a ZnO layer by which impurity doping of the request concentration is 
not carried out, and a two or more layers ZnTe layer by which N which is a p type 
impurity was doped more than request concentration is provided on a substrate. 
[0016] 

[Embodiment of the Invention] With reference to drawings, an embodiment of the 
invention is described below. 

[0017]From drawing 1 to drawing 3 is referred to, and the growing method of II-VI group 
compound semiconductor crystals by a first embodiment of this invention is explained. 
[0018]The crystal growth device (henceforth "an MBE device") which used the 
molecular beam epitaxy (MBE) method is shown in drawing 1 as an example of the 
growth device of II-VI group compound semiconductor crystals. 
[0019]The MBE device A is provided with the following. 
The chamber 1 to which crystal growth is performed. 

Vacuum pump P which maintains the chamber 1 at an ultrahigh- vacuum state. 

[0020]The chamber 1 is provided with the following. 

The port 1 1 for Zn for evaporating Zn. 

The port 21 for Te for evaporating Te. 

The O radical port 31 for irradiating with O radical. 

The N radical port 41 for irradiating with N radical. 

[0021]The port 1 1 for Zn is provided with heating, and Knudsen cell (Knudsen cell: call 
it the following K cell.) 17 and shutter SI to evaporate while it accommodates the Zn 
(purity 7N) raw material 15. 



[0022]The port 21 for Te is provided with the K cell 27 and shutter S2 which carry out 
heating evaporation while it accommodates the Te (purity 6N) raw material 25. 
[0023]The O radical port 31 introduces the oxygen gas which is material gas in an 
electrodeless discharge lamp, and spouts O radical generated using high frequency (13.56 
MHz) in the MBE chamber 1. Shutter S3 is provided also to the beam of O radical. 
[0024]The N radical port 41 introduces the nitrogen gas which is material gas in an 
electrodeless discharge lamp, and spouts N radical generated using high frequency (13.56 
MHz) in the MBE chamber 1. Shutter S4 is provided also to the beam of N radical. 
[0025]In the chamber 1, the substrate holder 3 holding the substrate S used as the ground 
of crystal growth and the heater 3a for heating the substrate holder 3 are formed. It is 
measurable by the thermo couple 5 in the temperature of the substrate S. The position of 
the substrate holder 3 is movable by the manipulator 7 which used bellows. 
[0026]The chamber 1 contains the RHEED cancer 5 1 established in order to monitor the 
grown-up crystal layer, and the RHEED screen 55. It can grow up using the RHEED 
cancer 51 and the RHEED screen 55, monitoring the situation (an amount of growth, the 
quality of the grown-up crystal layer) of the crystal growth within the MBE device A. 
[0027]The temperature of crystal growth, the thickness of a crystal growth film, the 
degree of vacuum in a chamber, etc. are suitably controlled by the control device C. 
[0028]Below, the process of growing up p type ZnO on a ZnO board is explained in 
detail. 

[0029]A11 crystal growth is performed by an MBE technique. 

[0030]The beam amount of Zn is 1.5x10 -7Torr, and the beam amount of Te is 4.5x10 - 
7Torr. 

[0031]RF plasma source of O is used as a supply source of an oxygen beam. Pure oxygen 
(purity 6N) gas is introduced into the O radical port 31, and it becomes radical using a 
high frequency oscillation source. 

[0032]RF plasma source of N is used as a supply source of a nitrogen beam. Pure 
nitrogen (purity 6N) gas is introduced into the N radical port 41, and it becomes radical 
using a high frequency oscillation source. 

[0033]Oxygen (flow 2ccm) is [ 8x10 -5Torr and nitrogen (flow 0.03ccm) of the pressure 
in the port 31 and 41 of oxygen which is gas sauce, and nitrogen ] 2x10 - 6Torr(s) 
respectively. Growing temperature is 600 **. 

[0034]Here, the value of the above-mentioned pressure shows the indicated value of the 
nude ion gage attached to the substrate holder position (growth position). 
[0035]Although the unit of ccm was used as a flow of the above-mentioned gas sauce, 
this shows the flow in 25 ** and 1 atmosphere as everyone knows. 
[0036]The sectional view of the p type ZnO crystal which grows by this embodiment is 
shown in drawing 2. On the ZnO board 100, the superlattice layers 105 of a undoped ZnO 
layer and the ZnTe layer of N dope are grown up. 

[0037]the superlattice layers 105 - ZnO layers 101a and 101b and ... lOlz, and the ZnTe 
layers 103a and 103b and ... it is formed by crosswise lamination with 103z. ZnO layers 
101a and 101b and ... each of 101Z is ten molecular layers, for example — the ZnTe 
layers 103a and 103b and ... each of 103z is one molecular layer, for example. A ZnO 
buffer layer may be first formed on the ZnO board 100, and the superlattice layers 105 
may be grown up on it. The total thickness of the superlattice layers 105 is about 100 nm, 
for example. 



[0038]Drawing 3 shows two kinds of growing processes ((a) and (b)) for growing up the 
ZnO crystal shown in drawing 2 by the opening-and-closing sequence of shutter SI to S4. 
[0039]Drawing 3 (a) shows the 1st growing process of two kinds of inside. To time tl, 
shutter SI of Zn and shutter S3 of O are opened. Elemental Zn and O element come 
flying on the substrate 100 surface, and a ZnO crystal layer grows. A ZnO crystal grows 
per molecular layer by controlling growing parameters, such as Zn amount of supply and 
O amount of supply. 

[0040] One molecular layer means the crystal unit which comprises one atomic layer of 
Zn, and one atomic layer of O on these specifications. Shutter SI and S3 are opened until 
the crystal of ten molecular layers grows. 

[0041]Shutter S3 of O is closed in time t2, and only Zn is supplied before time t3. The 
end face of Zn is formed in the undoped ZnO layer 101a outermost surface as a result of 
Zn supply. Since it is desorbed from superfluous Zn, all the shutters are closed from t3 
before t4. In time t4, shutter S2 of Te and shutter S4 of N are made open, and Te and N 
are supplied on the end face of Zn. When Zn end face, Te, and N join together, one 
molecular layer of ZnTe layers by which N was doped grow. 

[0042]in addition -- the RHEED pattern of a ZnTe layer is (2x1) in time t4 -- Te -- a rich 
state is shown. 

[0043]A11 the shutters are closed from t5 before t6, it ****s and an excessive atom is 
exhausted. Then, shutter SI of Zn is opened again and the end face of ZnTe is corrected. 
The surface which is Te Rich is changed into Zn Rich's surface. This makes surface 
morphology and a polar improvement. 

[0044]Next, shutter S3 of O is made open (t7) and ZnO is grown up again. This state is 
equivalent to the state of time tl. The above process is repeated 30 times. 
[0045]By passing through the above process, the p type ZnO crystal shown in drawing 2 
can be grown up. 

[0046]The second growing process is shown in drawing 3 (b). The outline of a growing 
process is shown below. 

[0047]Shutter SI of Zn is opened and it changes into the state where elemental Zn were 
continuously supplied on the substrate. Shutter S3 of O is opened by time t2, O element is 
supplied and request concentration grows the ZnO element by which impurity doping is 
not carried out. 

[0048]Subsequently, after closing shutter S3 of O by time t3 and suspending supply of O 
element, shutter S2 of Te and shutter S4 of N are opened by time t4, and the ZnTe layer 
which supplies Te element and N element and by which N was doped is grown up. 
[0049]Shutter S3 and S4 are closed from time t5 before t6, and the end face of ZnTe is 
corrected. 

[0050]Next, shutter S3 of O is made open (t7) and ZnO is grown up again. This state is 
equivalent to the state of time tl. The above process is repeated 30 times. 
[0051] As well as the above-mentioned process in forming the ZnO buffer layer 101, after 
supplying Zn and O on the substrate 100 beforehand and growing up the ZnO layer of 
desired thickness, the above-mentioned process is performed. 

[0052]After passing through either of the above two processes, ZnTe is laminated for 
ZnO at a rate of one molecular layer to ten molecular layers. The band gap of the 
laminated superlattice layers is almost the same as ZnO. ZnTe shows p type conductivity 



with doping N as an impurity. The impurity diffusion of N to a ZnO layer and movement 
of a hole arise from the ZnTe layer of N dope over ZnO layer 10 molecular layer. 
[0053]Thus, grown-up ZnO/ZnTe superlattice layers show the character as a p type 
conductive layer as a whole. 

[0054]The thickness of ZnTe was limited to one molecular layer. It is the thickness below 
critical thickness and distortion generated in a growth phase can be suppressed small. 
Surface morphology of a growth phase can be made good. 

[0055]lf the flow of N to ZnTe is set to 0.05 or less ccm on the above-mentioned growing 
condition, the doping quantity of N to the inside of ZnTe will be stopped below at 1x10 
20cm-3. 

[0056]Preferably, N concentration doped by ZnO by diffusion etc. is stopped lower than 
the doping concentration of N doped by ZnTe. 

[0057]The section structure of the p-type semiconductor using the ZnO/ZnTe superlattice 
by a second embodiment of this invention is shown in drawing 4. 
[0058]On the sapphire substrate 201, from the thickness 30, while being 100 nm, 50 nm 
grows ZnO layer 21 1 in the range of 300 to 500 **, for example, 400 ** low temperature. 
This ZnO layer 21 1 by which low-temperature growth was carried out is a ** amorphous 
state at the beginning. Then, a substrate is heated gradually. Crystallization advances with 
heating and a low-temperature growth ZnO layer changes to an epitaxial ZnO layer. 
[0059]Subsequently, 100 nm grows with the growing method explained in a first 
embodiment, and the same growing method by making the superlattice layers 225 of ZnO 
and ZnTe (N) into total thickness. 

[0060]passing low- temperature growth ZnO layer 21 1 on the sapphire substrate 201 in 
the crystal structure shown in drawing 4 — ZnO layers 201a and 201b and ... 201z, and 
the ZnTe (N) layers 203a and 203b and ... the superlattice layers 225 formed by crosswise 
lamination with 203y are grown up. 

[0061]Since low-temperature growth ZnO layer 211 intervenes between the sapphire 
substrate 201 and the superlattice layers 225, the distorted influence resulting from the 
difference of the grating constant between the sapphire substrate 201 and the superlattice 
layers 225 is eased. Surface morphology becomes good. 

[0062]According to the above-mentioned II- VI group compound growing method, 
crystallinity is good and the small p type ZnO crystal of electric resistance can be grown 
up. 

[0063]Drawing 5 is a sectional view showing the structure of LED (LightEmittingDiode) 
containing p-n junction DAODO using ZnO of Ga dope as an n-type semiconductor 
using the superlattice which consists of ZnTe of the ZnO/N dope by a second 
embodiment of the above as a p-type semiconductor. 
[0064]LED is provided with the following as shown in drawing 5. 
Silicon on sapphire 301. 

The non-doped ZnO buffer layer 305 with a thickness of 100 nm by which low- 
temperature growth was carried out on it. 

It grows up on it and is 100-nm-thick n type (Ga dope: 1x10 18cm-3) ZnO layer 311. 
Superlattice layers 315 (about 100 nm as total thickness) by which ZnO of 30 layers 
formed on it and ZnTe (N) were laminated by turns. 

[0065]It is in contact with n type ZnO layer 311 with the 1st electrode 321. 



[0066]In order to form a n type ZnO layer, other three group elements, such as aluminum, 
may be doped instead of Ga. 

[0067]The superlattice layers 315 are processed into island shape. The lateral part is 
covered with the insulator layer 318 in which the superlattice layers 315 processed into 
island shape consist of SiN(s), for example. The opening of an approximate circle form is 
formed in the upper surface of the superlattice layers 315 among the insulator layers 318, 
for example. Coating protection of the side is carried out with the insulator layer 318 at 
least among the superlattice layers 315 processed into island shape. 
[0068]For example, it has an opening, the 2nd electrode 325 of ring shape is formed in 
the periphery of the superlattice layers 315. As for the 2nd electrode of ring shape, the 
undersurface by the side of the inner circumference contacts the periphery of the upper 
surface of the superlattice layers 315. The peripheral part has structure which ran aground 
on the insulator layer 318 among the 2nd electrode. 

[0069]In the above-mentioned structure, if the voltage of plus is impressed to the 2nd 
electrode to the 1st electrode 321, forward current will flow into p-n junction. The 
minority carrier (electron) poured in into the p type superlattice layers 315 and the 
majority carrier (electron hole) in the p type superlattice layers 315 carry out radiation 
recombination. The light which has energy almost equal to the energy gap of a forbidden 
band in the case of the recombination of an electron and an electron hole emits from said 
opening. That is, electric energy is transformed into luminous energy. 
[0070]By the above-mentioned operation, light with a wavelength of about 370 nm is 
emitted from the opening of LED. 

[0071]In this embodiment, although LED was explained as an example of the 
semiconductor device using the p-n junction of ZnO, the p type superlattice layers 315 
with ZnTe (N), and n type ZnO, it is also possible to form a laser element combining the 
p type superlattice layers 315 and n type ZnO. In addition, it cannot be overemphasized 
that it is also possible to manufacture the semiconductor device which combined electron 
devices, such as FET and a bipolar transistor, other optical devices, and these combining 
the p type superlattice layers 315. 

[0072]As mentioned above, although this invention was explained along with the 
embodiment, this invention is not restricted to these. For example, the thickness of the 
composition thin layer of superlattice layers can be arbitrarily changed in the range with 
which it is satisfied of the desired characteristic. A gas supply sequence is not restricted 
to an above-mentioned thing, either. Various growing conditions and other process 
parameters can also be chosen. In addition, it is obvious ****** i n a person skilled in the 
art for various change, improvement, combination, etc. to be possible. 
[0073] 

[Effect of the Invention] Cry stallinity is good and small p type ZnO of electric resistance 
can be grown up. 



[Translation done.] 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing the outline of the MBE device used for the 
crystal growth method by a first embodiment of this invention. 
[Drawing 2] The ZnTe superstructure of the ZnO/N dope grown-up with the crystal 
growth method by a first embodiment of this invention is shown. 

[Drawing 3] (a) And (b) is a timing chart which shows the shutter control sequence of the 
crystal growth method by a first embodiment of this invention. 
[Drawing 4] It is a sectional view showing the structure of the ZnTe superlattice of a 
ZnO/N dope where it grew up with the crystal growth method by a second embodiment 
of this invention. 

[Drawing 5]It is a sectional view showing the structure of the LED device containing p-n 

junction DAODO using the ZnTe superlattice of the ZnO/N dope grown-up with the 

crystal growth method by a second embodiment of this invention as a p-type 

semiconductor. 

[Description of Notations] 

A MBE device 

P Vacuum pump 

S Substrate 

SI - S4 shutter 

I Chamber 

3 Substrate holder 
3 a Heater 
5 Thermo couple 
7 Manipulator 

I I The port for Zn 
15 Zn raw material 
17 Knudsen cell 
21 The port for Te 
25 Te raw material 
31 O radical port 
41 N radical port 
100 ZnO board 

101a- a lOlzZnO layer 
103a- a 103y ZnTe layer 
105 Superlattice layers 
201 Sapphire layer 

211 Low-temperature growth ZnO layer 
201a- a201zZnO layer 
203a - a 203y ZnTe layer 
225 Superlattice layers 
301 Sapphire layer 

305 Low-temperature growth ZnO layer 
311 N type ZnO layer 
315 Superlattice layers 



318 Insulator layer 
321 The 1st electrode 
325 The 2nd electrode 



[Translation done.] 



